A taxonomic study was carried out on a cellulase-producing bacterium, strain G21 T , isolated from mangrove soil in Xiamen, Fujian province, China. Cells were Gram-negative, slightly curved rods, motile with a single polar flagellum. The strain grew at 15-40 6C and in 0.5-10 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain G21 T belonged to the genus Vibrio and formed a clade with Vibrio furnissii ATCC 350116 T (97.4 % sequence similarity), V. fluvialis LMG 7894 T (97.1 %) and V. ponticus CECT 5869 T (96.1 %). However, multilocus sequence analysis (using rpoA, recA, mreB, gapA, gyrB and pyrH sequences) and DNA-DNA hybridization experiments indicated that the strain was distinct from the closest related Vibrio species. Additionally, strain G21 T could be differentiated from them phenotypically by the ability to grow in 10 % NaCl but not on TCBS plates, its enzyme activity spectrum, citrate utilization, oxidization of various carbon sources, hydrolysis of several substrates and its cellular fatty acid profile. The G+C content of the genomic DNA was 46.0 mol%. The major cellular fatty acids were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 18 : 1 v7c. The major polar lipids were phosphatidylethanolamine and phosphatidylglycerol, with trace amounts of diphosphatidylglycerol. The predominant quinones were Q-8 and Q-7. Based on phylogenetic, phenotypic and chemotaxonomic characteristics and DNA-DNA hybridization analysis, it is concluded that strain G21 T represents a novel species of the genus Vibrio, for which the name Vibrio xiamenensis sp.
Vibrios, belonging to the family Vibrionaceae, are Gramnegative, usually motile rods, mesophilic and chemo-organotrophic, and have a facultatively fermentative metabolism (Baumann et al., 1984) . They are common inhabitants of aquatic environments, especially the ocean, and are known to live either freely or associated as symbionts with aquatic animals in marine or estuarine waters, or as parasites of fish, crustaceans and molluscs (Thompson et al., 2004) . During the last decade, the number of Vibrio species has increased rapidly, and more than 70 Vibrio species have been recognized at the time of writing (Chang et al., 2008; Gomez-Gil et al., 2008; Rameshkumar et al., 2008; BeazHidalgo et al., 2009; Yoshizawa et al., 2009; Xu et al., 2009; Bleicher et al., 2010; Diéguez et al., 2011; Sheu et al., 2011; Wang et al., 2010 Wang et al., , 2011 Chimetto et al., 2011a, b; Hoffmann et al., 2012) . In 2007, a Vibrio-like bacterium, strain G21 T , producing cellulase (endo-b-1,4-glucanase, Cel5A), was isolated from mangrove soil samples collected from Xiamen, Fujian province, China (Gao et al., 2010) . Here, the exact taxonomic position of strain G21
T was determined by a polyphasic taxonomic approach.
Isolation and purification of strain G21
T were described previously (Gao et al., 2010) . The reference strains used, Vibrio fluvialis LMG 7894 T and Vibrio furnissii ATCC 350116 T , were obtained from the LMG and ATCC, respectively. All three strains were routinely cultivated on marine agar 2216E (MA; Difco) or in marine broth 2216E (MB; Difco) and stored at 280 u C in MB containing 15 % (v/v) glycerol.
Cell morphology and motility were observed under an inverted microscope (Olympus IX-70) using a 1-day-old culture on an MA plate. Cell morphology was also observed on thiosulfate-citrate-bile-sucrose (TCBS; Difco) agar plates. For transmission electron microscopy, exponential-phase cells were harvested and subsequently suspended and absorbed on a Formvar-carbon-coated grid, and then stained with phosphotungstic acid (Liu & Shao, 2005) . The Gram reaction, catalase and oxidase activities, nitrate and nitrite reduction, gas production from glucose, methyl red assay, the Voges-Proskauer reaction and hydrolysis of gelatin, casein, starch, alginate, Tween 80 and DNA were tested according to the methods described by Dong & Cai (2001) . Hydrolysis of sodium CM-cellulose was analysed using the Congo red overlay method (Teather & Wood, 1982) . Growth under anaerobic conditions was determined by incubation on MA with or without 10 mM glucose using the 1029 Forma Anaerobic System (Thermo). The temperature range for growth was determined by incubation of the isolate in MB at 4-45 uC. Growth at pH 4.0-10.0 was tested at 30 uC in MB with the pH adjusted with acetic acid (pH 4.0-4.5), MES (pH 5.0-6.0, 50 mM), MOPS (pH 6.5, 50 mM), Tris (pH 7.0-9.0, 50 mM) or CHES (pH 9.5-10.0, 50 mM). Sensitivity of growth to NaCl concentration was determined with modified MB, in which the concentration of NaCl was ranged from 0 to 12 % (w/v) NaCl instead of 2 %. Substrate utilization was tested by incubating the strain in artificial seawater containing 0.2 % each of D-glucose, cellobiose, L-rhamnose, sorbitol, Larabinose, lactose, D-galactose, sucrose, maltose, D-mannose, D-mannitol, fructose, D-xylose, trehalose or glycerol. API 20E and API ZYM test strips (bioMérieux) and the Biolog GN2 MicroPlate were also used to analyse the biochemical and physiological characteristics of the strain, and were read after incubation for 24, 8 and 24 h, respectively, at 30 u C. The inoculating fluid for API test trips and the Biolog plate was sterile water with 2 % (w/v) NaCl. The reference strains were also tested under the same conditions.
For analysis of whole-cell fatty acids, cells incubated in MB at 30 u C for 6 h (V. furnissii ATCC 350116 T and V. fluvialis LMG 7894 T ) or 12 h (strain G21 T ) and in the exponential growth phase were harvested and fatty acids were extracted, saponified and esterified (Miller, 1982) . The fatty acid methyl esters were analysed further by GC with an Agilent Technologies 6850 GC with the Sherlock 5.0 database using the Sherlock Microbial Identification System (MIDI) (Sasser, 1997) . Polar lipids were extracted according to the procedure described by Minnikin et al. (1984) and identified using twodimensional TLC followed by spraying with the appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Analysis of respiratory quinones was carried out by the Identification Service and Dr Brian Tindall, DSMZ, Braunschweig, Germany.
Genomic DNA was prepared using the method described by Syn & Swarup (2000) . The G+C content was determined as described by Mesbah & Whitman (1989) . DNA-DNA hybridizations were performed according to a previously described method (Coram & Rawlings, 2002) . Hybridizations were performed with five replications; the highest and lowest values obtained were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values.
The 16S rRNA gene was amplified by PCR using the universal primers 27F and 1492R (Weisburg et al., 1991) . The rpoA, recA, mreB, gapA, gyrB and pyrH genes were amplified for multilocus sequence analysis according to Thompson et al. (2005) and Sawabe et al. (2007) . Nucleotide sequences were compared with sequences of type strains available from GenBank using the BLASTN program (http://blast.ncbi.nlm.nih.gov). Pairwise alignments were carried out using the EzTaxon program (Chun et al., 2007) . To test the evolutionary relationships of the genus Vibrio, phylogenetic analysis based on individual and concatenated sequences were performed with the program MEGA 4.0 (Tamura et al., 2007) . Multiple sequence alignments were performed using CLUSTAL W (Thompson et al., 1994) . Gaps in the alignments were completely deleted. Distance matrices were calculated according to Kimura's twoparameter correction model (Kimura, 1980) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) T . The 16S rRNA gene sequence similarity between strain G21 T and V. ponticus CECT 5869 T was lower than 97 %, which can be used to distinguish them. DNA-DNA hybridization between strain G21
T and the other two closest strains was 59.5 % (V. furnissii ATCC 350116 T ) and 58.6 % (V. fluvialis LMG 7894 T ), values below the threshold value of 70 % established to delineate a species (Wayne et al., 1987) .
Multilocus sequence analysis is a valuable technique for studying the phylogeny of the genus Vibrio (Thompson et al., 2005; Sawabe et al., 2007) . Phylogenetic trees based on rpoA, recA, mreB, gapA, gyrB and pyrH gene sequences revealed that strain G21
T formed a clade alone or with other type strains, but showed obvious divergence from them ( Figs S2-S7 ). Sequence similarities of the rpoA, recA, mreB, gapA, gyrB and pyrH genes between strain G21 T and V. furnissii ATCC 350116 T were 92.4, 86.0, 84.7, 87.1, 79.5 and 84.4 %, respectively, and between strain G21 T and V. fluvialis LMG 7894 T they were respectively 92.6, 86.9, 84.6, 92.3, 79.9 and 83.2 %. These values are below the threshold values recommended for delineating species in the genus Vibrio (Thompson et al., 2005; Sawabe et al., 2007) . A phylogenetic tree based on concatenated 16S rRNA, rpoA, recA, mreB, gapA, gyrB and pyrH gene sequences also indicated that G21
T formed a clade with V. furnissii ATCC 350116 T and V. fluvialis LMG 7894 T but with obvious divergence (Fig. 2) . The DNA G+C content of strain G21 T was 46.0 mol%.
The detail morphological, physiological and biochemical characteristics of strain G21
T are summarized in the species description and in Table 1 . Cells of strain G21
T were Gramnegative, lightly curved rods (0.7-0.8 mm61.4-1.55 mm), and motile with a single polar flagellum (Fig. S8) . Growth under anaerobic conditions was observed in the presence of glucose, but not in its absence. The strain hydrolysed starch, CM-cellulose and Tween 80, but not gelatin, casein, alginate or DNA. Substrate utilization testing by incubation in artificial seawater showed that strain G21 utilized Dglucose, cellobiose, L-rhamnose, L-arabinose, D-galactose, sucrose, maltose, D-mannitol, fructose and glycerol as sole carbon sources, but not sorbitol, trehalose, lactose, Dmannose or D-xylose. This is almost identical with the results from the API and Biolog systems. In contrast with the closest Vibrio species, strain G21 T could grow in 10 % NaCl but not on TCBS plates. The strain could also be differentiated from these closest species by the ability to produce arginine dihydrolase and lysine decarboxylase, citrate utilization, oxidization of various carbon sources and hydrolysis of several substrates. A comparison of selective characteristics with related type strains is given in Table 1 .
The major cellular fatty acids (.5 %) of strain G21
T were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and C 18 : 1 v7c. This was similar to other species of the genus Vibrio. However, strain G21
T showed a fatty acid pattern distinct from those of its phylogenetically closest relatives. The proportion of summed feature 3 in strain G21
T was lower than those of V. furnissii ATCC 350116 T and V. fluvialis LMG 7894 T , while the proportion of 11-methyl C 18 : 1 v7c was higher. Strain G21 T was also obviously different from V. ponticus CECT 5869 T in the proportions of fatty acids C 16 : 0 , C 17 : 1 v8c and summed feature 3. Detailed results are given in Table S1 . The major polar lipids were phosphatidylethanolamine and phosphatidylglycerol, with a trace mount of diphosphatidylglycerol (Fig. S9) , which is consistent with species of the family Vibrionaceae (Wilkinson, 1988) . The predominant quinones were Q-8 (85 %) and Q-7 (15 %).
In summary, phylogenetic analysis indicated that strain G21 T belonged to the genus Vibrio and showed the highest 16S rRNA gene sequence similarities to V. furnissii ATCC 350116 T , V. fluvialis LMG 7894 T and V. ponticus CECT 5869 T . However, multilocus sequence analysis and DNA-DNA hybridization experiments indicated that it was distinct from these species. Additionally, strain G21
T could be differentiated from them by the ability to grow in 10 % NaCl but not on TCBS plates, its enzyme activity spectrum, citrate utilization, oxidization of various carbon sources, hydrolysis of several substrates and cellular fatty acids contents. Based on the phylogenetic, phenotypic, chemotaxonomic characteristics and DNA-DNA hybridization analysis, it can be concluded that strain G21
T represents a novel species of the genus Vibrio, for which the name Vibrio xiamenensis sp. nov. is proposed.
Description of Vibrio xiamenensis sp. nov.
Vibrio xiamenensis (xia.men.en9sis. N.L. masc. adj. xiamenensis of Xiamen, a district in Fujian, China, where the type strain was isolated).
Cells are Gram-negative, slightly curved rods (0.7-0.861.4-1.55 mm), motile with a single polar flagellum. Colonies on MA plates are circular to a little fusiform, white and semi-translucent after incubation at 37 uC for 24 h. Growth occurs in the presence of 0.5-10 % (w/v) NaCl in MB, with optimal growth at 2-4 % NaCl. Growth occurs at 15-40 u C, with optimal growth at 30-37 u C; no growth occurs below 10 u C or above 45 u C. Grows at pH 5.0-8.5 (optimal pH 7.0-7.5). Growth under anaerobic conditions is detected in the presence of 10 mM glucose, but no gas is produced. The type strain, G21
T (5DSM 22851 T 5CGMCC 1.10228 T ), was isolated from a mangrove soil sample in Xiamen, Fujian province, China. The DNA G+C content of the type strain is 46.0 mol%. 
